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(54) Separating carbon dioxide from gases containing it 

(57) A method of separating carbon dioxide from a carbon dioxide-containing gas is disclosed, wherein the 
carbon dioxide-containing gas is contacted with a metal oxide eg CaO or MgO, to fix the carbon dioxide as a 
metal carbonate, and the metal carbonate is thermally decomposed into metal oxide by contact with a 
combustion gas produced by combusting a fuel with a pure oxygen gas. The metal oxide is recycled to the 
previous step for fixation of carbon dioxide. A combustion apparatus is constructed to carry out the above 
method so that the combustion gas produced is treated to separate the carbon dioxide contained therein. 
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METHOD OF SEPARATING CARBON DIOXIDE FROM CARBON DIOXIDE 
CONTAINING GAS AND COMBUSTION APPARATUS HAVING FUNCTION TO 
SEPARATE CARBON DIOXIDE FROM THE COMBUSTION GAS 

This invention relates to a method of treating a 
carbon dioxide-containing gas for the separation of the 
carbon dioxide therefrom. The present invention also 
pertains to a combustion apparatus having a function to 
perform the above method. 

In respect of the global atmospheric environment, 
much attention is now being paid upon carbon dioxide (C0 2 ) 
because of the greenhouse effect caused thereby. Thus, many 
researches are being made on the reduction, separation, 
recovery and reuse of C0 2 discharged from boilers using fossil 
fuels . 

One known method for the separation and recovery of 
CO z from a C0 2 -containing gas uses a C0 2 absorbent or 
adsorbent such as an amine solution or zeolite particles. 
The known separation method, however, has a problem because a 
large sized apparatus is required for carrying out the 
method. 

It is also known to use pure oxygen gas in place of 
air for combusting a fossil fuel. Since the resulting 
combustion waste gas is composed of C0 2 and a small amount of 
residual 0 2 , S0 2 and N0 X , it is not necessary to use a C0 2 
separation apparatus or it is possible to simplify the C0 2 
separation apparatus. However, this method is not 
economically acceptable because of necessity for preparing a 
large amount of pure oxygen gas. 

The present invention has been made in view of the 
foregoing problems of the conventional method. 

In accoordance with one aspect of the present 
invention there is provided a method of separating carbon 
dioxide from a carbon dioxide-containing gas, comprising the 
steps of: 

.(a) contacting said carbon dioxide-containing gas 
with a metal oxide to react said carbon dioxide with said 
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metal oxide and to fix said carbon dioxide as the 
corresponding metal carbonate, and 

(b) combusting a fuel with oxygen gas in the . 
presence of said metal carbonate to thermally decompose said 
5 metal carbonate into said metal oxide . 

In another aspect, the present invention provides a »- 
combustion apparatus comprising: 

a tubular, vertically extending housing member 
defining therewithin an upper, fixation chamber and a lower, 
10 combustion chamber contiguous to said fixation chamber, said 

fixation chamber and said combustion chamber being arranged 
for enclosing a fluidized bed of particles of a metal oxide; 

air feeding means provided in a bottom portion of 
said combustion chamber for feeding air therethrough to said 
15 combustion chamber and for maintaining said metal oxide 

particles in a fluidized state in said fixation chamber and 
said combustion chamber; 

fuel feeding means provided in a lower portion of 
said combustion chamber for feeding solid fuel particles to 
20 said combustion chamber, so that part of said solid fuel 

particles are combusted within said combustion chamber to 
form a carbon dioxide-containing gas and to leave uncombusted 
solid fuel particles; 

heat exchanging means disposed within said 
25 combustion chamber for recovering part of the heat of said 

combustion of said solid fuel particles; 

temperature controlling means disposed within said 
fixation chamber for controlling the temperature within said 
fixation chamber so that said carbon dioxide in said carbon 
30 dioxide-containing gas is reacted with said metal oxide 

particles and fixed as the corresponding metal carbonate in 
said fixation chamber, thereby to form a carbon dioxide-free 
gas. in said fixation chamber; 

a gas-solid separating means connected to an upper 
35 portion of said fixation chamber for receiving a mixture 

containing said metal carbonate particles, said uncombusted 
solid fuel particles and said carbon dioxide-free gas from 



said fixation chamber and for separating said mixture into a 
solid phase containing said metal carbonate particles and 
said uncombusted solid fuel particles and a gas phase 
containing said carbon dioxide-free gas; 

a decomposition furnace disposed below and 
connected to said gas-solid separating means to receive said 
solid phase therefrom; 

oxygen feeding means provided in a bottom portion 
of said decomposition furnace for feeding oxygen gas to said 
decomposition furnace and for maintaining said solid phase in 
a fluidized state in said decomposition furnace, so that said 
uncombusted solid fuel particles are combusted in said 
decomposition furnace with the simultaneous decomposition of 
said metal carbonate into said metal oxide, thereby to form a 
carbon dioxide-rich gas in said decomposition furnace; 

withdrawing means provided in a top of said 
decomposition furnace for withdrawing said carbon dioxide- 
rich gas therefrom; and 

transport means extending between said combustion 
chamber and said decomposition chamber for transporting said 
metal oxide particles from said decomposition furnace to said 
combustion chamber. 

The present invention will now be described in 
detail below with reference to the accompanying drawings, in 
which: 

Fig. 1 is a cross-sectional, elevational view 
diagrammatically showing a C0 2 separating apparatus of a 
fluidized bed-type suitable for carrying out the method of 
the present invention; 

Fig. 2 is a cross-sectional, elevational view 
diagrammatically showing a C0 2 separating apparatus of a 
packed bed-type suitable for carrying out the method of the 
present invention; and 

Fig. 3 is a cross-sectional, elevational view 
diagrammatically showing an embodiment of a combustion 
apparatus according to the present invention. 

The co 2 ~containing gas to be treated in the present 
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invention may be a combustible gas such as a C0 2 -containing 
natural gas or an incombustible gas such as a waste 
combustion gas. The content of C0 2 in the co 2 -containing gas 
is generally 10-20 %. The temperature of the C0 2 -containing 
5 gas is not specifically limited. 

The C0 2 -containing gas is contacted with a metal 
oxide to react the C0 2 with the metal oxide and to fix the C0 2 
as the corresponding metal carbonate. The metal carbonate 
thus produced is brought into direct contact with a 

10 combustion gas obtained by the combustion of a fuel with pure 

oxygen gas, so that the metal carbonate is thermally 
decomposed into the metal oxide. The metal oxide thus 
obtained is recycled to the above C0 2 fixation step. 

Any metal carbonate may be used for the purpose of 

15 the present invention as long as the carbonate can be 

thermally decomposed into the corresponding metal oxide and 
the metal oxide can be converted into the metal carbonate by 
reaction with C0 2 gas. The metal carbonate is preferably an 
alkaline earth metal carbonate, more preferably calcium 

20 carbonate or magnesium carbonate. The metal carbonate 

(oxide) generally has an average particle size of 0.05-10 mm, 
preferably 0.1-1 mm, when used in the form of a fluidized bed 
and 5-50 nun, preferably 10-40 mm, when used in the form of a 
packed bed. 

25. The fuel used for thermally decomposing the metal 

carbonate may be any desired gas, liquid or solid fuel, such 
as coal, petroleum oil or natural gas. The oxygen gas used 
for the combustion of the fuel preferably has a purity of at 
least 95 %. 

30 The method of the present invention may be carried 

out in any desired mode such as in a fluidized bed system, a 
fixed bed system or a flow transporting bed system. 

Fig. 1 depicts one embodiment of an apparatus for 
carrying out the method of the present invention using a 

35- fluidized bed system- The following description will be made 

on an embodiment in which powdery coal is used as the fuel 
and the CQ 3 -containing gas to be treated is a waste combustion 



gas. The waste combustion gas generally has a temperature 
below 1,000°C, preferably 600-650°C. 

Designated generally as 1 is a C0 2 fixation tower 
(first contacting zone) and as 2 a decomposition furnace 
(second contacting zone) . A grid or perforated plate 4 is 
provided in a lower portion of the C0 2 fixation tower 1 to 
support a mass of the metal oxide particles thereon, while a 
similar grid 9 is provided in a lower portion of the 
decomposition furnace 2 to support a mass of the metal 
carbonate particles thereon. 

The C0 2 fixation tower 1 has a gas inlet port 3 at a 
bottom thereof and a gas discharge port 5 at a top thereof. 
The co 2 -containing gas to be treated is fed through the gas 
inlet port 3 to the tower 1 so that the metal oxide particles 
are maintained in a fluidized state. Upon contact of the 
C0 2 -containing gas with the metal oxide particles, the C0 2 is 
fixed as the corresponding metal carbonate to leave a C0 2 -free 
gas which is withdrawn overhead from tower 1 through the 
discharge port 5. 

Disposed within the C0 2 fixation tower 1 is a heat 
exchanger 7 to maintain the temperature therewithin in a 
range suitable for fixation of C0 2 by the metal oxide. When 
the C0 2 -containing gas to be treated is a waste combustion gas 
as described above and when the metal oxide is calcium oxide , 
for example, the fixation tower 1 is generally maintained at 
a temperature in the range of 550-650 °C, preferably 600- 
620°C / at ambient pressure. The waste combustion gas is thus 
cooled by the heat exchange with a cooling medium, e.g. 
water, flowing through the heat exchanger 7. 

The amount of the metal oxide particles charged in 
the fixation tower 1 is generally such that the height 
(thickness) of the bed of the metal oxide particles in the 
non-f luidized state is 20-70 %, preferably 30-50 %, of the 
height of the fixation tower 1 above the grid 4. The 
C0 2 -containing gas is introduced into the fixation tower 1 at 
such a feed rate that at least 80 %, preferably 90-95 %, of 
the C0 2 contained in the co 2 -containing gas is fixed by the 



metal oxide and is removed therefrom. Thus, the C0 2 -free gas 
discharged from the discharge port 5 is composed mainly of N 2 
and contains a small amount of unfixed C0 2 . 

The decomposition furnace 2 has a gas inlet port 8 
at a bottom thereof, a gas discharge port 11 at a top thereof 
and a fuel supply port 10 above the grid 9. The powdery coal 
is introduced into the combustion furnace 2 through the 
supply port 10. A leg 6 extends between an opening 13 « 
provided at an upper portion of the fixation tower 1 and an 
opening 14 provided at a lower portion of the decomposition 
furnace 2, so that part of the fluidized mass in the fixation 
tower, i.e. the metal carbonate formed by the reaction of the 
metal oxide with C0 2 , flows downward through the leg 6 by 
gravity and enters the decomposition furnace 2. 

A pure 0 2 gas is fed through the gas inlet port 8 to 
the furnace 2 so that, the metal carbonate particles and the 
powdery coal are maintained in a fluidized state and the coal 
is burnt with the simultaneous thermal decomposition of the 
metal carbonate into the metal oxide, thereby to form a 
C0 2 -rich gas which is withdrawn overhead from the furnace 2 
through the discharge port 11. The combustion in the furnace 
2 is performed so that the temperature within the furnace is 
maintained at a temperature higher than the decomposition 
point of the metal carbonate. When the metal carbonate is 
calcium carbonate, for example, the temperature within the 
furnace 2 is maintained within the range of 900-1, 000°C, 
preferably 920-950°C at ambient pressure. The temperature 
may be controlled by the control of the feed rate of the 
powdery coal. The C0 2 -rich gas withdrawn from the furnace 2 
is substantially free of N 2 , since pure oxygen gas is used for 
the combustion of the powdery coal. 

Designated as 12 is a leg extending between an 
opening 15 provided at an upper portion of the decomposition 
furnace 2 and an opening 16 provided at a lower portion of 
the fixation tower 1, so that part of the fluidized mass in 
the combustion furnace 2, i.e. the metal oxide formed by the 
thermal decomposition of the metal carbonate, flows downward 



through the leg 12 by gravity and is recycled to the fixation 
tower 1. Thus, part of the combustion heat generated in the 
decomposition furnace 2 is recovered in the fixation tower 1 
by the heat exchanger 7 . 

When powdery coal is used as the fuel, ash is 
accumulated in the solid mass circulated between the fixation 
tower 1 and the decomposition furnace 2. To maintain the ash 
content below a predetermined level, a portion of the solid 
mass is discarded through, for example, a discharge pipe (not 
shown) branched from the leg 6. A make up metal carbonate 
may be supplied through the port 10 together with the powdery 
coal- The decomposition furnace 2 is generally provided with 
an auxiliary burner (not shown) used in starting up the 
process. 

Fig. 2 depicts another embodiment of an apparatus 
for carrying out the method of the present invention using a 
packed bed system. The following description will be made on 
an embodiment in which the C0 2 -containing gas to be treated is 
a waste combustion gas. Designated as 21 a first contacting 
zone (furnace) containing a fixed bed of a metal oxide 20 and 
as 121 a second contacting zone (furnace) containing a fixed 
bed of the corresponding metal carbonate 120. The reference 
numerals 23 and 123 each designate a gas inlet port, 24 and 
124 each designate a flow control plate, 25 and 125 each 
designate a gas discharge port, 27 and 127 each designate a 
heat exchanger, and 28 and 128 each designate a fuel supply 
port. 

A waste combustion gas to be treated is fed through 
a line 100, a valve 102 and a gas inlet port 23 to the 
furnace 21, whereas a pure oxygen gas is fed through a line 
101, a valve 105 and a gas inlet port 123 to the furnace 121. 
A liquid or gaseous fuel is supplied to the furnace 121 
through the supply port 128 and is combusted therein. The 
waste combustion gas introduced into the furnace 21 is passed 
through the metal oxide bed 20 while controlling the 
temperature of the bed 20 with the heat exchanger 27 so that 
C0 2 contained therein is fixed as the corresponding metal 



carbonate. The waste combustion gas from which C0 2 has been 
thus removed is discharged from the furnace 21 through the 
port 25. In the furnace 121, on the other hand, the 
combustion gas formed by the combustion of the fuel with the 
pure oxygen gas is passed through the metal carbonate bed 120 
while controlling the temperature of the bed 120 with the 
heat exchanger 127 so that the metal carbonate is thermally 
decomposed into the metal oxide to form a C0 2 -rich gas which 
is withdrawn from the furnace 121 through the discharge port 
125. 

After the C0 2 fixation in the furnace 21 and the CO z 
liberation in the furnace 121 have been continued, for a given 
period of time, the valves 102 and 105 are closed and the 
valves 103 and 104 are opened so that the C0 2 fixation and the 
C0 2 liberation are effected in the furnaces 121 and 21, 
respectively. The valves are thus periodically switched so 
that the C0 2 fixation and the C0 2 liberation are alternately 
carried out in each of the furnaces 21 and 121, thereby to 
continuously perform the process. 

In the foregoing embodiments shown in Figs. 1 and 
2, a high temperature waste combustion gas is described as 
being used as the C0 2 -containing gas. When, for example, a 
C0 2 -containing natural gas is treated, the temperature at 
which the CO z fixation is carried out is suitably selected in 
view of the temperature of the natural gas. 

Fig. 3 depicts a combustion apparatus, such as a 
boiler or . a waste incinerator, which can recover a thermal 
energy generated by the combustion of a fuel while separating 
C0 2 from the combustion waste gas. The term "fuel" used 
herein is intended to refer to any gaseous, liquid or solid 
combustible material including fossil fuels and waste 
materials- In the embodiment shown in Fig. 3, solid fuel 
particles (e.g. powdery coal) are used as the fuel. 

Designated generally as 30 is a tubular, vertically 
extending housing member defining therewithin an upper, 
fixation chamber 33 and a lower, combustion chamber 31 
contiguous to the fixation chamber 33. The fixation chamber 



33 and the combustion chamber 31 are connected by a necked 
portion 32 and are arranged for enclosing a fluidized bed of 
particles of a metal oxide supported on a. perforated plate or 
grid 40. 

Air feeding means 3 9 is provided in a bottom 
portion of the combustion chamber 31 for feeding air 
therethrough to the combustion chamber 31 and for maintaining 
the metal oxide particles in a fluidized state in the 
fixation chamber 33 and the combustion chamber 31. Fuel 
feeding means 41 is provided at a lower portion of the 
combustion chamber 31 above the grid 4 0 for feeding solid 
fuel particles to the combustion chamber 31, so that part of 
the solid fuel particles are combusted within the combustion 
chamber 31 to form a C0 2 -containing gas and to leave 
uncombusted solid fuel particles. 

Disposed within the combustion chamber 31 is heat 
exchanging means 42 for recovering part of the heat of the 
combustion of the fuel and for maintaining the temperature 
within the combustion chamber 31 in a suitable range of for 
example 800-900°C. 

Temperature controlling means 43 such as a heat 
exchanger is disposed within the fixation chamber 33 for 
maintaining the fixation chamber 33 at a temperature (e.g. 
about 600-700 °C at ambient pressure when the metal oxide is 
CaO) suitable to react the C0 2 contained in the C0 2 -containing 
gas with the metal oxide particles and to fix same as the 
corresponding metal carbonate in the fixation chamber 33, 
thereby to form a C0 2 -free gas in the fixation chamber 33. 

Connected to an upper portion of the fixation 
chamber 33 by a connecting pipe 34 is a gas-solid separator 
35 for receiving a mixture of the metal carbonate particles, 
the uncombusted solid fuel particles and the C0 2 -free gas from 
the fixation chamber 33 and for separating the mixture into a 
solid phase containing the metal carbonate particles and the 
uncombusted solid fuel particles and a gas phase containing 
the C0 2 -free gas. The gas-solid separator 35 has a discharge 
port 44 at a top thereof for withdrawing the C0 2 -free gas. 
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A decomposition furnace 37 is disposed below and 
connected to the gas-solid separator 35 to receive the solid 
phase therefrom. Thus, the gas-solid separator 35 has a 
downcomer tube 3 6 extending into the decomposition furnace. 
The decomposition furnace 37 has a bottom portion provided 
with an oxygen feed port 45. A pure oxygen gas is fed 
through the port 4 5 to the decomposition furnace 37 for 
maintaining the solid phase, supplied from the separator 35 
through the downcomer tube 36, in a fluidized state in the 
decomposition furnace 37, so that uncombusted solid fuel 
particles contained in the solid phase are combusted. By 
the combustion of the uncombusted solid fuel particles, the 
temperature within the furnace 37 is higher than the 
decomposition temperature of the metal carbonate contained in 
the solid phase, so that the metal carbonate particles 
contained is converted into the metal oxide, thereby to form 
a C0 2 -rich gas in the decomposition furnace 37. Designated as 
47 is a heat exchanger for maintaining the temperature within 
the decomposition furnace at a suitable range, for example, 
in the range of 950-1, 000°C when the metal carbonate is 
calcium carbonate. 

The decomposition furnace is provided with a gas 
discharge port 4 9 at a top thereof for withdrawing the 
C0 2 -rich gas therefrom. Extending between a lower portion of 
the combustion chamber 31 and an upper portion of the 
decomposition chamber 37 is a pipe 38 for recycling the metal 
oxide particles from the decomposition furnace 37 to the 
combustion chamber 31 . 

Designated as 50 is a discharge pipe branched from 
the downcomer tube 36 for discarding a part of the solid 
phase and for maintaining the amount of the ash produced by 
the combustion of the solid fuel particles and accumulated in 
the system below a predetermined level. Such, a discharge 
pipe may be connected to the pipe 38, if desired. Designated 
as 48 is a port for supplying a make up metal carbonate. 
When the fuel supplied from the port 41 to the combustion 
chamber 31 is a gaseous or liquid fuel, it is necessary to 
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feed the same or different fuel to the decomposition furnace 
37. Further, if desired, an additional fuel may be fed to 
the decomposition furnace 37 even when the solid fuel such as 
powdery coal is used in the combustion chamber 31. Each of 
the combustion chamber 31 and the decomposition furnace 37 is 
generally provided with an auxiliary burner (not shown) used 
in starting up the process. 

Since the metal oxide particles must be not only 
fluidized in the combustion chamber 31 and the fixation 
chamber 33 but also be introduced into the solid-gas 
separator 35, it is necessary that the gas flow velocity in 
these chambers 31 and 33 is sufficiently high. On the other 
hand, the. metal carbonate particles in the decomposition 
furnace 37 need not be highly fluidized and are preferably 
maintained in a bubbling fluidization state. 

The combustion intensity in the decomposition 
furnace 37 can be much lower than that of the combustion 
chamber 31 and is generally about 2/5 of that of the 
combustion chamber 31. Thus, the amount of the pure oxygen 
gas fed to the decomposition furnace 37 is much smaller than 
that required in the conventional pure oxygen-type combustion 
device. The mass flux (or circuration rate) of the metal 
oxide in the whole loop is generally at least 3 times, 
preferably 10-20 times, the coal feed rate. 

The combustion device may be operated at ambient 
pressure or under a pressurized state. Due to equilibrium, 
the fixation chamber 33 should be operated at a temperature 
lower than that in the combustion chamber 31, when these 
chambers are operated at ambient pressure. Under a 
pressurized condition, the two chambers can be operated at 
the same temperature and can be constructed into a single 
common chamber. For example, over 80 % of the C0 2 may be 
separated in a single chamber operated at 800°C and at 10 
atm. 



Claims : 



1. A method of separating carbon dioxide from a carbon 
dioxide-containing gas, comprising the steps of: 

(a) contacting said carbon dioxide-containing gas 
with a metal oxide to react said carbon dioxide with said 
metal oxide and to fix said carbon dioxide as the 
corresponding metal carbonate, and 

(b) combusting a fuel with oxygen gas in the 
presence of said metal carbonate to thermally decompose said 
metal carbonate into said metal oxide. 

2. A method as claimed in claim 1, wherein said metal 
oxide is selected from the group consisting of calcium oxide, 
magnesium oxide and mixtures thereof. 

3. A method as claimed in claim 1 or 2, wherein step 
(a) comprises the sub-steps of: 

feeding said carbon dioxide-containing gas to a 
first contacting zone containing particulate of said metal 
oxide to fluidize said metal oxide, so that said carbon 
dioxide is fixed as said metal carbonate to leave a carbon 
dioxide-free gas, . 

withdrawing said carbon dioxide-free gas from said 
first contacting zone, and 

discharging said metal carbonate from said first 
contacting zone and introducing same into a second contacting 
zone; and wherein step (b) comprises the sub-steps of: 

feeding said fuel and oxygen gas to said second 
contacting zone to fluidize said metal carbonate, 

combusting said fuel with said oxygen gas in said 
second contacting zone so that said metal carbonate is 
decomposed into said metal oxide and to form, a carbon 
dioxide-rich gas, 

withdrawing said carbon dioxide-rich gas from said 
second contacting zone, and 

discharging said metal oxide from said second 
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contacting zone and introducing same into said first 
contacting zone. 

4. A method as claimed in claim 1 or 2 , wherein step 
5 (a) comprises the sub-steps of: 

feeding said carbon dioxide-containing gas to a 
first contacting zone containing a packed bed of said metal 
oxide, so that said carbon dioxide is fixed as said metal 
carbonate to leave a carbon dioxide-free gas, and 
IQ withdrawing said carbon dioxide-free gas from said 

first contacting zone; and wherein step (b) comprises the 
sub-steps of : 

feeding said fuel and oxygen gas to a second 
contacting zone containing a fixed bed of said metal 
15 carbonate to combust said fuel in said second contacting 

zone, so that said metal carbonate is decomposed into said 
metal oxide and a carbon dioxide-rich gas is formed, and 

withdrawing said carbon dioxide-rich gas from said 
second contacting zone; 
20 said steps (a) and (b) being. periodically switched 

so that said fixation of said carbon dioxide and said 
decomposition of said metal carbonate are alternately carried 
out in each of said first and second contacting zones. 

25 5. A combustion apparatus comprising: 

a tubular, vertically extending housing member 
defining therewithin an upper, fixation chamber (33) and a 
lower, combustion chamber (31) contiguous to said fixation 
chamber (33), said fixation chamber (33) and said combustion 
30 chamber (31) being arranged for enclosing a fluidized bed of 

particles of a metal oxide; 

air feeding means (39) provided in a bottom portion 
of said combustion chamber (31) for feeding air therethrough 
to said combustion chamber (31) and for maintaining said 
35 metal oxide particles in a fluidized state in said fixation 

chamber (33) and said combustion chamber (31); 

fuel feeding means (41) provided in a lower portion 



of said combustion chamber (31) for feeding solid fuel 
particles to said combustion chamber (31), so that part of 
said solid fuel particles are combusted within said 
combustion chamber (31) to form a carbon dioxide-containing 
gas and to leave uncombusted solid fuel particles ; 

heat exchanging means (42) disposed within said 
combustion chamber (31) for recovering part of the heat of 
said combustion of said solid fuel particles; 

temperature controlling means (43) disposed within 
said fixation chamber (33) for controlling the temperature 
within said fixation chamber (33) so that said carbon dioxide 
in said carbon dioxide-containing gas is reacted with said 
metal oxide particles and fixed as the corresponding metal 
carbonate in said fixation chamber (33), thereby to form a 
carbon dioxide-free gas in said fixation chamber (33) ; 

a gas-solid separating means (35) connected to an 
upper portion of said fixation chamber (33) for receiving a 
mixture containing said metal carbonate particles, said 
uncombusted solid fuel particles and said carbon dioxide-free 
gas from said fixation chamber (33) and for separating said 
mixture into a solid phase containing said metal carbonate 
particles and said uncombusted solid fuel particles and a gas 
phase containing said carbon dioxide-free gas; 

a decomposition furnace (37) disposed below and 
connected to said gas-solid separating means (35) to receive 
said solid phase therefrom; 

oxygen feeding means (45) provided in a bottom 
portion of said decomposition furnace (37) for feeding oxygen 
gas to said decomposition furnace (37) and for maintaining 
said solid phase in a fluidized state in said decomposition 
furnace (37), so that uncombusted solid fuel particles are 
combusted in said decomposition furnace (37) with the 
simultaneous decomposition of said metal carbonate into said 
metal oxide, thereby to form a carbon dioxide-rich gas in 
said decomposition furnace (37); 

withdrawing means (49) provided in a top of said 
decomposition furnace (37) for withdrawing said carbon 



dioxide-rich gas therefrom; and 

transport means (38) extending between said 
combustion chamber (31) and said decomposition chamber (37) 
for transporting said metal oxide particles from said 
decomposition furnace (37) to said combustion chamber (31). 

6. A combustion apparatus as claimed in claim 5, 
further comprising feed port means (48) provided in said 
decomposition furnace (37) for supplying an auxiliary fuel to 
said decomposition furnace (37) therethrough- 
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